Crises in a two-well forced oscillator of Duffing type are studied with an analog simulation. Its features are discussed with the aid of return maps and phase portraits. Two types of boundary crisis in a strange attractor following the Feigenbaum route to chaos are found. One is associated with a hopping between two strange attractors and is confirmed with the presence of 1/f noise spectrum.
I. INTRODUCTION 
X+KX+aX+PX =Fsin(cot) . (3)
Studies of chaotic motions in nonlinear dissipative systems are of great interest and have received much attention in recent years. ' The chaotic motion may exhibit a crisis event with sudden qualitative change of a strange attractor as a controlled parameter is varied. According to Cxrebogi, Ott, and Yorke, the crisis in a onedimensional quadratic map occurs at certain parameter values, for which the strange attractor collides with an unstable periodic orbit. Since then, the crisis has been confirmed experimentally in several physical systems, including Josephson junctions ' and some nonlinear driven oscillators.
In particular, the analog simulation of the rf-driven Josephson junction performed in our previous work further indicates that the crisis induces either a hopping state with 1/f low-frequence noise or a hysteresis jump for different parameters set. Nevertheless, the occurrence of these two effects related to the crisis is not yet fully understood. In fact, we note that a global description of persistent properties of the crisis in diverse physical systems is still necessary to find in order to elucidate a true mechanism of the crises in chaotic dynamics.
To this end, we shall present an electronic analog study of the crisis effects in a symmetrical two-well potential forced oscillator, which also represents the dynamics of a Fig. 3 . First of all, on curve 8 with F=0.097, the unsymmetrical phase portrait expands abruptly as shown in Fig. 3(a) Fig. 3(b) Fig. 3(c) . We refer to it later as crisis-induced hopping.
As F is further increased, the state keeps on hopping first and then is locked to some subharmonics. Figure   3( Fig. 3(f Fig. 4 are traced. Figure 4(a) shows the return map of the chaotic attractor between the cascaded period doublings and crisis with F=0.194. The map is similar to a quadratic form, however, with a back-folded tail (mark).
As F is further increased, the folded tail extends more and more close to the line with X"+& --X". At F =0.198 on curve D the tail meets at a point (mark) on the line X"+& --X". The point is referred to as an unstable fixed point with a slope dX"+~/dX"larger than 1 as shown in Fig. 4(b) 
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In the present case we choose F=0.100, a value between the critical ones of FzD ( =0. 150) and F"D (=0.045) as indicated in Fig. 2 . As the frequency co is lower down from 1.3 (path II) with the initial state above curve B, the Feigenbaum route to chaos is first seen with onset of period two at co=1.048 on curve C and then the boundary crisis occurs at co=1.023 on curve D. The return map is shown in Fig. 6(a) where the strange attractor contracts suddenly to a fixed point either in the original right valley or in the left one rather than hopping. In such a case the boundary crisis is referred to as destructive. Figure 6( Fig. 4(b 
